Objective. GD with ATD-induced hepatic injury or leukopenia occurs frequently in clinical practice. The purpose of the present study was to observe the clinical effect of lithium carbonate on hyperthyroidism in patients with GD with hepatic injury or leukopenia. Methods. Fifty-one patients with GD with hepatic injury or leukopenia participated in the study. All patients were treated with lithium carbonate, in addition to hepatoprotective drugs or drugs that increase white blood cell count. Thyroid function, liver function, and white blood cells were measured. Clinical outcomes were observed after a 1-year follow-up. Results. After treatment for 36 weeks, symptoms of hyperthyroidism and the level of thyroid hormones were improved and liver function, and white blood cells returned to a normal level. Twelve patients (23.5%) obtained clinical remission, 6 patients (11.8%) relapsed after withdrawal, 25 patients (49.0%) received radioiodine therapy, and 8 patients (15.7%) underwent surgical procedures after lithium carbonate treatment. Conclusion. Lithium carbonate has effects on the treatment of mild-to-moderate hyperthyroidism caused by GD, and it is particularly suitable for patients with ATD-induced hepatic injury or leukopenia.
Introduction
After sixty years of development, the treatment of hyperthyroidism remains dependent upon three measures including antithyroid drugs (ATDs) and radioiodine and surgery [1] . Currently, methimazole (MMI) and propylthiouracil (PTU) are the most commonly prescribed ATDs. Side effects of ATD frequently appear in clinical practice and include rash, fever, hepatic injury [2] [3] [4] , and leukopenia or agranulocytosis [5] [6] [7] [8] .
Immunoallergic hepatitis is also a common side effect of ATD therapy, affecting 1% of patients treated with ATD [5] . A transient increase in aminotransferase levels is observed in 30% of patients taking PTU [2] . Leukopenia or agranulocytosis is a severe side effect of ATD. One study reported that the use of ATD causes agranulocytosis in 0.1-0.5% of treated patients [5] . Clinical studies have found that agranulocytosis occurred in 0.37% of patients who received PTU and in 0.35% who received MMT [9] .
Lithium carbonate has been used in the treatment of mania and in the prophylaxis against recurrent manicdepressive disorders, but it is also used as an adjunct drug for the treatment of hyperthyroidism in clinic [10] . Lithium carbonate inhibits the release of thyroid hormones and inhibits the synthesis of thyroid hormones [11, 12] . It has been reported frequently that patients with Graves' Disease (GD) were treated with lithium carbonate in combination with radioiodine [13, 14] . However, the potential toxicity of lithium limits its application in hyperthyroidism, and its clinical effectiveness has not received much attention. This is the first report to study the effects of lithium carbonate on patients with GD as well as hepatic injury or leukopenia. In the study, 51 GD patients with hepatic injury or leukopenia were treated with lithium carbonate. The aims of this study were to investigate the clinical effectiveness of lithium carbonate on hyperthyroidism and to evaluate its safety. GD with Leukopenia. A decrease in the circulating WBC (white blood cell) count to less than 4.0 × 10 9 /L, and agranulocytosis is defined by a reduction in the peripheral neutrophil count to less than 0.5 × 10 9 /L and exclusion of hematological system disease.
All patients were followed up for at least 1 year after stopping treatment; thyroid function (FT3, FT4, and TSH), liver function (total bilirubin, ALT, and AST), and white blood cell count were measured every 4 weeks.
A diagnosis of remission and relapse was based on the following criteria. Patients were considered to be in remission if the FT3 and FT4 level were within the normal range at the last visit. Patients were considered to have relapsed if the FT3 and FT4 level exceeded the upper limit of the normal range and TSH levels were low during the follow-up.
Treatment Method.
Fifty-one patients with antithyroid drug-induced hepatic injury or leukopenia were treated with International Journal of Endocrinology 3 32 (97) 16 (89) Data were expressed as percentage of the total.
lithium carbonate for 36 weeks. On the other hand, GD patients with hepatic injury were treated with a hepatoprotective drug, and patients with leukopenia were treated with drugs to increase white blood cells, simultaneously ( Table 2 ). 
Laboratory Evaluation

Serum Lithium Concentration.
Serum lithium concentration was measured by a colorimetric assay (Roche Diagnostics, Mannheim, Germany).
Side Effects.
Side effects were observed during treatment, such as neuropsychiatric disorders, rash, nausea, vomiting, altered kidney function, and abnormality of blood glucose. 
Result
3.1. Baseline Characteristics. The 51 patients were divided into two groups: GD with hepatic injury and GD with leukopenia. The baseline profiles are summarized in Table 1 . No significant differences in age, course, and thyroid parameters were observed between the two groups. We also recorded the using of ATDs before lithium carbonate treatment (Table 1) . Figure 1 ). The TSH value in GD patients with hepatic injury before the lithium carbonate treatment was 0.05 ± 0.05 mIU/L and significantly increased to 0.83 ± 0.52 mIU/L ( < 0.05) after the treatment for 36 weeks. In GD patients with leukopenia similar changes in TSH were observed, before 0.06 ± 0.07 mIU/L and after 0.92 ± 0.65 mIU/L ( < 0.05) (Figure 1 ). Thirty-three GD patients with hepatic injury were treated with an additional hepatoprotective drug (Diammonium Glycyrrhizinate, Polyene Phosphatidylcholine). The levels of ALT, AST, and TBIL decreased and remained at the normal level after treatment for 36 weeks. Eighteen GD patients with leukopenia were treated with additional drugs to increase their white blood cells (Leucogen, Granulocyte colonystimulating factor). The levels of WBC and N increased significantly and remained at the normal level after treatment for 36 weeks (data not shown).
According to patient's condition, it cannot be denied that we used additional glucocorticoids including prednisone and methylprednisolone for 37% of the patients in the short term and propranolol was prescribed in 94% of the patients (Table 2) .
Blood pressure and blood glucose levels were not changed from the baseline and during the study period in the two groups (data not shown). One patient with mild heart failure (NYHA Functional Classification is Class II) improved, 1 patient sustained atrial fibrillation, and they received radioiodine therapy later. continue to receive lithium carbonate treatment, 25 patients (49.0%) received radioiodine therapy after lithium carbonate treatment, and 8 patients (15.7%) received surgical treatment after lithium carbonate treatment ( Figure 2 ). The liver function and white blood cells returned to normal levels in all patients.
Factors Associated with the Outcome of Hyperthyroidism.
In comparing the remission with nonremission (radioiodine, surgery, and relapse) of the patients, we found that the failure to respond to lithium carbonate treatment may be correlated with several factors, including course of GD, thyroid hormone levels at baseline and 36 weeks, TRAb, and thyromegaly. No correlation was found between serum lithium concentration, lithium dose, age, treatment course, and glucocorticoid use (Table 3) .
Serum Lithium Concentration and Side Effects.
Serum lithium concentration in GD patients with hepatic injury before the lithium carbonate treatment was 0.45 ± 0.09 mmol/L and significantly increased to 0.56 ± 0.08 mmol/L ( < 0.05) after the treatment for 36 weeks. In GD patients with leukopenia similar changes in serum lithium level were observed, before 0.41 ± 0.06 mmol/L and after 0.54 ± 0.06 mmol/L ( < 0.05). We did not find that there was a change in serum concentrations of lithium after patients are treated with corticosteroids. No abnormalities of renal function and blood glucose were found, and the side effects of psoriasis have not been observed. Several patients appeared to have abdominal distention, vomiting, nausea, and so forth (Table 4) . But the symptom disappeared soon after stopping lithium carbonate treatment. Afterwards, these patients received radioiodine therapy.
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Discussion
Lithium carbonate is usually used to treat manic-depressive and depressive disorders [15] , but lithium carbonate can also decrease the levels of thyroid hormones and lead to hypothyroidism during the treatment [16, 17] . So it is also used as second-line drug for the treatment of hyperthyroidism.
The relevance of the relationship between lithium treatment and thyroid function [18, 19] is well documented. Hepatic injury and leukopenia may occur in untreated patients with thyrotoxicosis and patients treated with MMT or PTU. GD with ATD-induced hepatic injury or leukopenia occurs frequently in clinical practice and treatment becomes more complex if these patients are unable to accept radioactive iodine therapy or surgery therapy; thus, we were prompted to analyze the clinical effect of lithium carbonate on these patients.
We enrolled 51 GD patients with hepatic injury or leukopenia in this study. The study showed that the symptoms of hyperthyroidism were controlled, thyroid hormones decreased to a certain extent in all patients, and thyroid function was maintained at normal levels in 12 patients (23.5%) who discontinued drug therapy after 36 weeks. Only 6 patients (11.8%) relapsed after lithium carbonate withdrawal for six months and continue to receive lithium carbonate treatment. Overall, 33 patients (64.7%) could not reach a satisfactory target; these patients were treated with radioactive iodine (25, 49.0%) or operation therapy (8, 15 .7%). These findings indicate that lithium carbonate may be an effective therapeutic agent in the treatment of hyperthyroidism due to GD, especially in patients with hepatic injury or leukopenia. Additionally, our results indicated that lithium may have an effect on treating mild or moderate hyperthyroidism but a poor role in treating severe thyrotoxicosis.
In the present work, after 36 weeks of treatment with an additional hepatoprotective drug and a drug for increasing the white blood cells, liver function and white blood cell counts of patients improved. The levels of ALT, AST, and TBIL decreased in patients with hepatic injury, and the white blood cell counts increased in the patients with leukopenia. Lithium carbonate does not injure the liver in the routine dose and is a perfect substitution for ATD. Study has found that an additive effect of increasing white blood cells was observed in patients treated with lithium carbonate because it may modulate granulocytopoiesis [20] . Moreover, lithium salts can not only increase the level of CD34 but also induce granulocyte colony-stimulating factor and increase the number of neutrophils by stimulating bone marrow; thus, it is a good choice in patients with leucopenia or agranulocytosis [21] [22] [23] .
On the other hand, failure of lithium carbonate treatment may be influenced by several factors, including course of GD, thyroid hormone levels at baseline and 36 weeks, TRAb, and large goiter. In this study, 25 patients required radioactive iodine treatment after being treated with lithium carbonate, and no patient presented with thyroid crisis. Lithium carbonate is used as an adjunct to radioiodine in the therapy of thyrotoxicosis. Data show that the thyroid iodine uptake rate (RAIU) can be significantly increased in patients treated with lithium carbonate [13] . Study showed the addition of lithium is beneficial for GD patients treated with RAI. Compared with the patients treated with RAI alone, the cure rate was higher in patients treated with RAI plus lithium, and lithium can reduce the serum FT4 level after treatment with radioiodine therapy [14] . Therefore, lithium helps make the RAI therapy more effective and the dose of 131 I can be reduced [24] . International Journal of Endocrinology Eight cases that required surgery after hyperthyroidism symptoms did not improve completely with lithium carbonate treatment, and these patients were stable during the intraoperative and postoperative periods. Akin et al. report that lithium carbonate is safe to treat patients with preoperative hyperthyroidism when ATDs are not effective and show adverse effects [25] . It is concluded that the using of lithium alone or in combination with ATDs is an effective way for controlling hyperthyroidism before operation [26, 27] .
In general, lithium carbonate requires specific care as it has a narrow therapeutic range, with the therapeutic levels for psychiatric disorders ranging from 0.6 to 1.2 mmol/L. The serum monitoring of lithium levels is important for safety of patients and clinical effectiveness [28] . It is relatively safe that lithium carbonate was given 0.75 g/day. Several patients had some side effects in this study, such as abdominal distention, vomiting, nausea, and asthenia (Table 4) ; the symptoms disappeared when the lithium carbonate treatment was stopped. These patients were treated with radioiodine; other patients did not appear to have side effects. The kidney function of all patients was normal.
Inhibition of synthesis and secretion of thyroid hormones are the critical mechanism in the development of hypothyroidism [29] [30] [31] . Thyroid gland can take and concentrate lithium. It reduces thyroidal iodine uptake and also inhibits coupling of iodotyrosine, and it can promote the thyroxine conversion into triiodothyronine in thyroid gland [32] . In addition, the lithium salt can reduce thyroid adenylate cyclase activity, inhibit adenosine monophosphate, prevent the release of thyroid hormones, and decrease serum thyroid hormone levels [12] . However, studies show that lithium affects the hypothalamic-pituitary-thyroid axis to decrease thyroid hormone levels [29, 33] .
In conclusion, lithium carbonate has multiple effects on the treatment of hyperthyroidism caused by GD. It is particularly suitable for patients with ATD-induced hepatic injury or leukopenia. Lithium carbonate could decrease the level of thyroid hormones. It is also effective for the preparation of radioactive iodine and surgical treatment in patients with thyrotoxicosis. Our clinical study shows that lithium carbonate is safe and has no severe side effect on the treatment of hyperthyroidism. Of course, the clinical research of lithium treatment on hyperthyroidism is rarely reported. Hence, we think that the antithyroid effect of lithium carbonate should be further studied, including pharmacologic mechanism, course of treatment, long-term efficacy, and safety.
Conclusion
Lithium carbonate has effects on the treatment of mild-tomoderate hyperthyroidism caused by GD, and it is particularly suitable for patients with ATD-induced hepatic injury or leukopenia. It is also effective for the preparation of radioactive iodine and surgical treatment in patients with thyrotoxicosis.
